For Hamiltonian systems, we show the existence of a periodic solution of prescribed-energy problem: For closed geodesics, we show the existence of a non-constant closed geodesic on (R x g) under the condition: The situation which generalizes the case (0. 1)-which is called strong force is considered by [2, 10, 15, 18] and the existence of a periodic solution is obtained via minimax methods. The situation which generalizes the case (0.3) which is called weak force is also studied by [2, 12, 13, 19, 22, 23] . We also refer to Ambrosetti and Coti Zelati [3] and references therein. See also [4] for generalization for the first order Hamiltonian systems. However, it seems that the situation related to the border case a = 2 is not well studied; The only work, we know, is Ambrosetti and Bessi [1] . They considered potentials V (q ) ^--( 1 / ~ q ~ 2 ) -and proved the existence of multiple periodic solutions of (HS.1)-(HS.2) for suitable range of H 0. See also [2, 22, 23] in which periodic solutions are constructed for H 0 and V (q ) ~ -(E / ( q ( 2 ) -where £ > 0 is sufficiently small and a E (0,2). We remark that a perturbation of weak force case is studied in these works and the case V (q ) _ -1 / ~ q ~ 2 , H = 0 is excluded.
In this paper we study a class of perturbations of -1 / ~ q ~ 2 and we look for periodic solutions of (HS.1)-(HS.2) for H = 0. Our result does not exclude the case V (q ) _ -1 / ( q ~ 2 , H = 0.
Since (HS.l)-(HS.2) with V (q ) The existence of closed geodesics on compact Riemannian manifolds is rather well studied (see for example [16] and references therein). For non-compact manifolds, the existence of closed geodesics is studied only in a few papers. Thorbergsson [25] obtains the existence of a closed geodesic when M is complete, non-contractible and its sectional curvature is non-negative outside some compact set. Benci and Giannoni [11] also shows the existence of a closed geodesic for non-compact complete Riemannian manifolds M with asymptotically non-positive sectional curvature. We remark that our Theorem 0.3 ensures the existence of a closed geodesic in a situation different from [25, 11] [25] and Benci and Giannoni [11] . In [11, 25] , the existence of closed geodesics on non-compact manifolds is studied. In Section 2 of [25] and Section 2 of [11] Besides non-existence result for a "warped-product" Riemannian manifolds, [11, 25] study the existence of non-constant closed geodesics on non-compact complete Riemannian manifolds. In [25] , the existence of non-constant closed geodesics is proved for non-compact complete manifolds whose sectional curvature is non-negative outside some compact sets. For N = 2, [25] also proves the existence for non-compact complete surfaces which are neither homeomorphic to IR2 nor R x (See also Bangert [8] .) Benci 
-(Sj(t) -sj(0),xj(t)) ~ (0, yk (t)) in A as j ~ ~, where yk (t) is given in ( 1.10). [5] in which the existence of positive solutions of semilinear inhomogeneous elliptic equations in IRN is studied. See also Bahri and Lions [7] . In what follows, we mainly deal with the case N > 3. The case N = 2 will be studied in Section 5. Therefore by (3.13) Using (3.14) again, we get from (3.12), (3.16) that
We also have from (3.11 ) , (3.12) , (3.17) Similarly we can see also from (3.11 ), (3.12), (3.17) (3) and (4) follow from (3.15) , (3.19) and (3)- (4) (3.23) and (3.24) hold. We can get (3.25) as in [21] (see also [6, 9, 17, 24] 
